APPENDIX G
HAND CALCULATIONS FOR BENZENE

This example presents hand-calculations to verify the Tier 1 RBSLs for benzene. Note
that calculations are shown for both the non-carcinogenic and carcinogenic effects for
benzene. Tier 1 RBSL for a chemical with carcinogenic and non-carcinogenic toxicity is
the lower of the carcinogenic and non-carcinogenic RBSLSs.

Note: Calculations presented here were performed using Tier 1 default input parameters
listed in the beginning of this appendix with the exception of the values used for 8y,
Bwerack, Bas, @Nd Bacrack. The value used for By,s and Bygrack 1S 0.1 as compared to the default
value of 0.2. The value used for 8, and Bxcrack 1S 0.2 as compared to the default value of
0.1. Note that these calculations are for illustration and may not reproduce the Tier 1
RBSLs for all pathways. However, the computational software will reproduce RBSLsS
calculated hereif all theinput values in the software are set the same as those used here.
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APPENDIX G

This example presents hand-cal culations to verify the Tier 1 RBSLs for benzene and

receptors. Note calculations are shown for both the non-carcinogenic and carcinogenic
effects for benzene.

Note to develop Tier 2A levels, the same calculations have to be repeated using site-
specific inputs.
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HAND CALCULATIONS
Contaminant: Benzene

1. Resident — Child
a. Carcinogen
i. Surficia Sail
ii. Subsurface Sail
iii.  Groundwater
iv. Soil to Groundwater (assuming DAF = 1)
b. Non-Carcinogen
i. Surficia Sail
ii. Subsurface Sail
iii. Groundwater

2. Resident — Adult
a. Carcinogen
i. Surficia Sail
ii. Subsurface Soil
iii. Groundwater
iv. Soil to Groundwater (assuming DAF = 1)
b. Non-Carcinogen
i. Surficia Sail
ii. Subsurface Sail
iii.  Groundwater

3. Commercia
a. Carcinogen
i. Surficia Sail
ii. Subsurface Sail
iii.  Groundwater
iv. Soil to Groundwater (assuming DAF = 1)
b. Non-Carcinogen
i. Surficia Sail
ii. Subsurface Soil
iii. Groundwater
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Variables Values Used’

RBTLss = Risk-basedtarget level insurficia soil [mg/kg]
TR = Target risk or the increased chance of developing cancer
over alifetime due to exposure to achemical [-] =1e6
BW = Bodyweight [kg] =15"
AT, = Averaging timefor carcinogens [years] =70
ED = Exposure duration [years] =6
EF = Exposure frequency [days/year] =350
IRgi = Soil ingestion rate [mg/day] =200~
RAF, = Oral relative absorption factor [-] =1
A = Skin surface area[cm?/day] =2500"
M = Soil to skin adherence factor [mg/cm?] =0.15
RAFqy = Dermal relative absorption factor [-] =05
IRo = Outdoor inhalation rate [m>/hr] =1
ETot = Outdoor Exposuretime [hr/day] =10
SN = Oral cancer dope factor [(mg/kg-day)™] =0.055
S = Inhalation cancer slope factor [(mg/kg-day)™] =0.029
RfDo = Thechemicd-specific ord reference dose[(mg/kg-day)] = 0.003
RfD; = The chemicd-specific inhaation reference dose
[(mg/kg-day)] =0.0017
Pe = Particulate emission rate [g-soil/cm?-sec] = 6.90e-14
W, = Length of soil source areaparallel to wind direction[cm] = 1500
Ua = Wind speed at 9, above ground surface [cm/g] =225
fo = Breathing zone height [cm] =200
VF, = Volatilization factor of particulates [(mg/m>-air)/(mg/kg-soil)]
Ps = Dry soil bulk density [g-soil/cm®-soil] =18
D? = Chemical-specific diffusion coefficient in air [cm?/<] =9.30e-2
D" = Chemical-specific diffusion coefficient in water [cm®s] = 1.10e-5
B = Volumetric air content in vadose zone [cm*-air/cm®-soil] = 0.2
B = Volumetric water content in vadose zone
[em®-H,0/cm®-soil] =01
6: = Tota soil porosity in theimpacted zone[cm¥/cm®-s0il]] =03
H = Chemical-specific Henry's Law constant [(mg/cm®-air)/ (mg/cm®-H,0)]
=0.228
D = Effective diffusion coefficient in soil based on vapor-phase concentration
[cm?/s]
Ks = foc X Kee
= Chemical-specific soil-water sorption coefficient for the
unsaturated zone [cm°-H,0/g-soil] =0.661
r = Averaging timefor vapor flux [9]
= ED (yr) x 365 (day/yr) x 86400 (sec/day) =1.898"
d = Depth to base of surficia soil zone[cm] =30.48
VFs = Volatilization factor from surficia soil [(mg/m®-air)/(mg/kg-soil)]
RBTLs = Risk-based target level for indoor inhalation of vapors from subsurface
soils[mg/kg-soil]
IR = Indoor inhalation rate [m*/hr] =0.417"

DCRBCA Fina -2- Fiscal Year 2002



ETinm = Indoor Exposuretime [hr/day] =18~
RBTLy = Risk-based targetlevel for indoor inhalation of air [mg/m*-air]
Ls = Depth to subsurface soil sources[cm] =30.48
Lg = Enclosed space volume/infiltration arearatio [cm] =200~
Leask = Enclosed space foundation or wall thickness[cm] =15
ER = Enclosed space air exchange rate [1/] =0.00014"
Baack = Volumetric air content in foundation/wall cracks
[cm®-air/cm®-total volume] =0.2
Bwrack = Volumetric water content in foundation/wall cracks
[em®-H,O/cm®-total volume] =0.1
Daacsd = Effective diffusion coefficient through foundation cracks [cm?/s]
h = Ared fraction of cracksin foundation and/or walls
[cm?-cracks/ cmP-total ared] =0.01
VF«p = Volatilization factor from subsurface soil to indoor

(enclosed space) air [(mg/m>-air)/(mg/kg-soil)]
RBTL,i = Risk-basedtarget level for indoor inhalation of vapors from groundwater

[mg/L-H:0]
Lew = Depth to groundwater [cm] =300
Neap = Thickness of capillary fringe [cm] =5
hy = Thickness of vadose zone [cm] =295
Gcap = Volumetric air content in capillary fringe soils

[cm®-air/cm?-soil] =0.03
Bucap = Volumetric water content in capillary fringe soils

[em®-H,0O/cm®-soil] =0.27
Dcaperf = Effective diffusion coefficient through capillary fringe [cm?/s]
Dus' = Effezctive diffusion coefficient between groundwater and soil surface

[cm/g
VFwey = Volatilization factor from groundwater to indoor

(enclosed space) air [(mg/m*-air)/(mg/L-H-0)]
Target surface water Concentration [mg/L] =0.005
DAF.. = Dilution Attenuation Factor between the point of exposure

and the source [-] =1
Ugw = Groundwater Darcy Velocity [cm/year] =304
Agw = Groundwater mixing zone thickness [cm] =200
I = Infiltration rate of water through soil [cm/year] =14
W = Length of source areaparald to groundwater flow [cm] = 1500
LFs, = Dry soil leaching factor [(mg/L-H20)/(mg/kg-soil]
THQ = Target hazard quotient for individual constituents[-] =1
AT, = Averagingtimefor non-carcinogens [years] =6
RBTLss = Risk-based target leve insurficia soil [mg/kg]

:*Val ues are not listed for calculated variables.
Values may change for different receptors.
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1. Resident —Child
a. Carcinogen
i. Surficial Sail
TRXBWxAT X365
EFx EDX(SFox10 ™ (IRy; X RAF,+SA MXRAF())+(SFXIR X ET,, X(VF+VF,))]

RBTLss=

Pe xWa
VF = ——_%10
UaX0a

_ 6.9e-14x1500

F p— x

225% 200

VFp = Volatilization factor of particulates

[(mg/m>-air)/(mg/kg-soil)] =2.30e-12

3

10° =2.30e-12

2 x\W. x #xH
VF <= . pSX\/ D x10°

Uaxda | 77%[Bust (KX p,) +(H x8.0)] xT

.33 3.33
DS = D* xia;+ Dwxixevfo
o7 H 6ér

0.2°% 1 _01%%
X

DS'=9.30e-2 x———+1.10e-5x >
0.3 0228 0.3

D& =  Effectivediffusion coeffici ent in soil based on vapor-phase
concentration [cm?/s] =4.86e-3

=4.86e-3

_2xXW, x o, DI x H 3
*Jﬂx[ews+(stps) +Hxaxr

2><1500><1.8>< 4.86E —3x0.228

x10°=1.419E -4
225x200 |/ 77x[ 0.1+ (0.661x1.8) +(0.228x0.2)] x1.89E8

(I)VF =

XpSXd X103

. W,
(DVFs=—————
UaX5aXT

1500%1.8%30.48

x10°=9.68E -6
225x200x1.89E8

(DVF <=
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** Take smaller of the two values:
VFg = Volatilization factor from surficia soil
[(mg/m3-ar)/(mg/kg-soil)] =9.68e-6

le - 6X15<70x365

RBTLss= =757

350 6+ (0.055¢ 10" (200< 1+ 2500x 0.15¢ 0.5))+(0.029<1x 10x(9.68 — 6+ 2.30e-12))]

iil.  Subsurface Sail
_ RBTLa

sesp

RBTLs

TRx BW x AT, x 365
IR, X ET,, x ED x EF x SF

RBTLa =

le-6x15x70x365  _o.0
0.417 x18x 6 x 350 0.029

RBTLa =

RBTL; = Risk-based target level for indoor inhalation of air
[mg/m>-air] =8.38e-4

Hxp, | DS IL
[0t (Ko xp )+ (Hx0.)] [ERxLy |

VF sop= x10
= D /L, DY /L,
1+ +
ERx Ly | | (D / Lywe)xh

crack

3.33 3.33
Dgtfack: Da>< 3acrack + DWXiX chrack
or° H 6
3.33 3.33
Ditec= 9.30e—2x 02 —+1.10e- 5><i <01 —=4.86le-3
0.3 0.228 0.3
Deaas’ = Effective diffusion coefficient through foundation cracks
[cm?s] =4.861e-3
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0.228x1.8 [4.86e— 3/ 30.48}
_ 0.1+(0.661x1.8)+ (0.228x0.2) | 0.00014x200 | 1G° = 34856 2

VF sesp
[4.86e—3/30.48} .| 486e-3/3048
0.00014x 200 | | (4.86e-3/15)x0.01

VF s = Volatilization factor from subsurface soil to indoor
(enclosed space) air [(mg/m>-air)/(mg/kg-soil)] = 3.485e-2

8.38e-4
= =2.4e-2
RBTLS= 5 1062

iii.  Groundwater
RBTL,, = RBTL,
VF, e
[ D /ey
Ve = ERx L, x10?
e 1+ DI/ Low ny Dys / Law
ERx LB (Dick / Lcrack)x h

-1
h v
D= (heap+ hv){D“:;f + [?eﬁ}

cap

3.33 3.33
D= p*x T 4 px 2 x P
67" H  6°
3.33 333
D&% = 9.30e - 2x 0'032 +1.10e-5x 1 x 0'272 =1562e-5
0.3 0.228 0.3
Dcaperf = Effective diffusion coefficient through capillary fringe
[cm?/s] =1.56e5
5 205 '
Dﬁ:(5+295)><[ + } =7.88e-4
1.56e-5 4.86e—3
D = Effective diffusion coefficient between groundwater and
=7.88e4

soil surface [cm?/s]
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0.228x {7.886— 4]/ 300}

0.00014 x 200
1+[7.88e—4/300} .| 7.88e-4/300
0.00014x 200 | | (4.86e-3/15)x0.01

x10°=1.181e-2

VF wesp =

VFesp = Volatilization factor from groundwater to indoor
(enclosed space) air [(mg/m>-air)/(mg/L-H,0)] =1.18e-2

RBTL, = 238874 _ 7 00562

1.18e-2

RBTL = Risk-based target level for indoor inhalation of
vapors from groundwater [mg/L-H,0] =7.10e-2

iv. Soil to Groundwater

Allowablesoil concentration at the sourcdmg/kg] = Target surfacewater concentratior|mg/L] at the POE x DAF Poe

SW

Ps
[GustK X oy H xgas]x[1+

LF av=
- U g*Fu
W

| %

LE o= 18 = 0.346

[0.1+0.661x1.8+0.228 ><o,2]>{1+ 304x200 j
14x1500

LFs =  Dry soil leaching factor [(mg/L-H20)/(mg/kg-soil] =0.346

Allowable soil concentration at the sourcemg/kg] = 0.005 x 5 §46

=1.449¢e-2
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b. Non-Carcinogen
i. Surficial Sail
THBWXAT, <365
EFX ED 10_6x(| R50i| X RAF0+SA‘X M xRAFd)_l_(ETout x IRaox(VFss+VF p))
RfD, RfD

(o] 1

RBTL=

RBTL= 1456365 =84.079

350x @{10_6"(200‘ 1+2500¢0.15<0.5) _ (10x1x(9.67e~ 6+ 2.30e—12))}

0.003 0.0017

RBTLss = Risk-based target level in surficid soil [mg/kg] =84.079

iil. Subsurface

RBTL,= ol

F oesp

THQ x BW x AT, x 365X RfD,
IR, xET,, x ED x EF

RBTLa =

1x15x%6 x365x0.0017
RBTLa = =3.543e-3
0.417x18x6 % 350

RBTLi

Risk-based target level inindoor air [mg/m’] = 3.543e-3

3.543e-3
3.485e- 2

RBTLs= =1.017e-1

RBTLg

Risk-based target level for indoor inhalation of vapors
from subsurface soils[mg/kg-soil] =1.017el
iii.  Groundwater

RBTL,, = "o'bs
Vv

wesp

_3543e-3 _

RBTL,, = =0.30
1.181e-2
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RBTLyj = Risk-based target level for indoor inhaation of vapors
from groundwater [mg/L-H,O] =0.30
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2. Resident — Adult

Variables Values Used
BW = Bodyweight [kg] =70"
ED = Exposure duration [years] =30"
EF = Exposure frequency [days/year] =350
IRgi = Soil ingestion rate [mg/day] =100
A = Skin surface area[cm?/day] =5000"
IRo = Outdoor inhaation rate [m>/hr] =15"
r = averaging time for vapor flux,
ED (yr) x 365 (day/yr) x 86400 (sec/day) =7.88e8"
IR = Indoor inhalation rate [m*/hr] =0.633"
ETinm = Indoor Exposuretime [hr/day] =18"
Lg = Enclosed space volume/infiltration arearatio [cm] =200~
ER = Enclosed space air exchange rate [1/] =0.00014"
ATre = Averaging time for non-carcinogens [years] =30"

"V alues may change for different receptors.

a. Carcinogen
i. Surficial Sail

TRXBWX AT X365

RBTLss=

VF = PeX

EFx EDX(SF% 10" (IR X RAFo+SA MXRAF4)) +H(SFXIR X ET,,,

X(VFs+VF))]

xW.

—~—=2x10°

UaX0a

6.9e-14 %1500
225x%x 200

VF =

[(mg/m>-air)/(mg/kg-soil)]

x10°=2.30e-12

Volatilization factor of particulates

=2.30e-12

D xH

><\/77><[49W5+(

3.33
9.30e-2 x02
0.3

D =

D

concentration [cm?/s]

DCRBCA Fina

+1.10e—-5x

-10-

3
Koxp) +(Hxag)] xr 0

3.33
 Ows

2.0
or

1 O 1%

028 0z 83

Effective diffusion coefficient in soil based on vapor-phase

= 4.86e-3
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(V< 2X1500x18, 4.86e-3%0.228
S 225x200 |\ 77x[ 0.1+ (0.661x1.8) + (0.228x0.2)] x 9.46E8

x10° = 6.342e-5

3

W, x p xd
()VFa= o 22 2
UaX0aXT

. 1500%1.8%30.48 3
I <= x10°=1.933e-6
(DVF 225% 200%1.89E8 10

** Take smaller of the two values:
VFg = Volatilization factor from surficia soil
[(mg/ms-ar)/(mg/kg-soil)] =1.93e-6

le—6x70x70x365

RBTLss= - =6.318
350 304 (0.055¢10° (100x 1+ 5000¢ 0.15x 0.5))+(0.029<.5x 10x(1.932 — 6+ 2.30e—12))]

iil.  Subsurface Sail
_ RBTLa

F sesp

RBTLs

TRx BW x AT_ x 365
IR, xET,, x ED x EF x &~

RBTLa=

RETL. = le-6x70x70x 365 5 1550—4
0.633x18x30x350x0.029

RBTL; = Risk-based target level for indoor inhalation of air
[mg/m>-air] =5.15e-4

Hxp, | DL
[0t (Ko xp )+ (Hx0.)) |ERxLy |

VF sop= x10
= D /L, DY /L,
1+ +
ERx Ly | | (D / Lawe)xh

crack
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3.33 3.33
3 acrack Wse 1 6 Uwerack
Dia= D3 x =22+ DV
crack — 20 H 2 0
or or

333 3.33
Dgfack: 9.30e—-2x 0023 +1.10e—-5x 1 X 0.1

0228 03  oole-3

Deaas’ = Effective diffusion coefficient through foundation cracks
[cm?s] =4.861e-3

0.228x1.8 y [4.86e— 3/30.48
0.1+ (0.661x1.8)+ (0.228x0.2) | 0.00014x 200
.\ [4.86e— 3/30.48} { 4.86e-3/30.48 }
0.00014x 200 | | (4.86e-3/15)x0.01

VF s = Volatilization factor from subsurface soil to indoor
(enclosed space) air [(mg/m>-air)/(mg/kg-soil)] = 3.485e-2

} x10° = 3.485e-2

VF o=

5.15e-4
3.49e-2

=1.479% -2

RBTLs=

iii. Groundwater

RBTL

RBTL,,

wesp

| Dis / Lew
VF e = ik x10°
o=
14 D/ Ly o Dyt / Lgw,
( h

ERx L, D/ Lc,ack)

crack

-1
DWS (hcap+hv)x|:hcap+ hvj|

Dcap Ds
3.33 3.33
D= D%+ D X
or H or
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3.33 333
D= 9.30e—2x ngz +1.10e-5x 0 ;28 X 0'522 =1562e-5

Dcapeff = Effective diffusion coefficient through capillary fringe
[cm?/s] = 1.5665

1
Dﬁ:(5+295)><[ 5 , 25 }=7.88e—4
156e—5 4.86e-3

e = Effective diffuson coefficient between groundwater and
=7.88e-4

soil surface [cm?/s]
0.228x 7.88e—4/300
0.00014 x 200

VF wesp =
.\ [7.886— 4/300} .| 7.88e-4/300
0.00014x 200 | | (4.86e-3/15)x0.01

x10°=1.181e-2

= Volatilization factor from groundwater to indoor
(enclosed space) air [(mg/m>-air)/(mg/L-H,0)] =1.18e-2

VFesp

RBTL,, = % = 4.366- 2

RBTL. = Risk-based target level for indoor inhaation of
vapors from groundwater [mg/L-H,0] = 4.36e-2

iv.  Soil to Groundwater
Target surfacewater concentratior] mg/L] at the POE x DA P
LF sw

Allowable soil concentration at the source]mg/kg]

Ps
LF av=
- u gWX5ng

wstK X 0 HH X)X 1+
[6ustK X 0 9]( | xW

= 30ax200 020
[0.1+0.661x1.8+0.228 x0.2]x[1+}
14x1500

LFswv=
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LFs =  Dry soil leaching factor [(mg/L-H20)/(mg/kg-soil] =0.346

Allowablesoil concentration at the source[mg/kg] = 0.005x% o ‘;46

=1.449%-2

DCRBCA Fina -14 - Fiscal Year 2002



b. Non-Carcinogen
i. Surficial Sail
THXBWXAT %365
EFX ED 10_6x(| F%oil X RAF0+SA‘X M ><RAFd)_l_(ETout x IRaox(VF$+VF p))
RfD, RfD

(o] I

RBTL=

RBTL, = 1x70>30365 =4,30062

_6)( _ _
350K 30{10 (100<1:+5000< 0.15<0.5) | (10x1x(1.93e - 6+2.308 12))}

0.003 0.0017

RBTLss = Risk-based target level in surficid soil [mg/kg] =4.30e2

iil. Subsurface

RBTL,= ol

F oesp

THQ x BW x AT, x 365X RfD,
IR, xET,, x ED x EF

RBTLa =

RETL.= 1x70x30x365x0.0017 _ 1,089 — 2
0.633x18x30x 350

RBTLi

Risk-based target level inindoor air [mg/m’] = 1.09e-2

1.09e-2
1.18e-2

RBTL.= =9.24e-1

RBTLg

Risk-based target level for indoor inhalation of vapors
from subsurface soils [mg/kg-soil] =9.24e-1
iii.  Groundwater

RBTL,, = "o'bs
Vv

wesp

RBTL,, = 10%-2 _ 0.924
1.181e-2
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RBTLyj = Risk-based target level for indoor inhaation of vapors
from groundwater [mg/L-H,O] =0.92
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3. Commercial

Variables Values Used
BW = Bodyweight [kg] =70"
ED = Exposure duration [years] =25"
EF = Exposure frequency [days/year] =250
IRsi = Soil ingestion rate [mg/day] =50"
A = Skin surface area[cm*/day] =5000"
IRo = Outdoor inhalation rate [m>/hr] =15
r = averaging time for vapor flux,
ED (yr) x 365 (day/yr) x 86400 (sec/day) =7.88e8"
IR = Indoor inhalation rate [m*/hr] =15
ETinm = Indoor Exposuretime [hr/day] =10~
Lg = Enclosed space volume/infiltration arearatio [cm] =300~
ER = Enclosed space air exchange rate[1/9] =0.00023"
ATe = Averaging time for non-carcinogens [years] =25"

"V alues may change for different receptors.
a. Carcinogen
i. Surficial Soil

TRXBWX AT X365
EFx EDX(SF,x10 * (IR, X RAF,+SA% MXRAF))+HSF xIR, % ET,,, X(VFg+VF.))]

RBTLss=

Pe Wa
VF = x10°
UaX0a

VE, = 6.9e —14x1500
PT 225x200
VF, = Voldtilization factor of particulates
[(mg/m>-air)/(mg/kg-soil)] =2.30e-12

x10°=2.30e-12

()WVF = x D> H < 10°
S Uaxda %[ Gust (K x 0) + (H x@.)] xT

.33 3.33
D3 = p° x4 prx L O
61" H 6°

333 333
Dgff—930e—2><0023 +1.10e-5x 1 01

0.228 0.3
D& = Effective diffusion coefficient in soil based on vapor-phase

=4.86e—-3
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concentration [cm?/s] =4.86e-3

(IWVF = x10° = 6.949E -5

2x1500x1.8 4.86E —3x0.228
225x200 |/ 77x[ 0.1+ (0.661x1.8) +(0.228x0.2)] x 7.88E8

W, x p,xd
UaX5aXT

x10°

(DVF <=

y 1500x1.8x30.48 _
iWVE= x10° = 2.321E - 6
(V= 5w 200x7.88E8 < 10

** Take smaller of the two values:
VFs = Voldilization factor from surficia soil
[(mg/m>-air)/(mg/kg-soil)] =2.32e-6

1e— 6x70x70>365
RBTLss= - =11735
250 254 (0.055¢ 10" (50% 1+ 5000x 0.15x 0.5))+(0.029¢L.5¢ 10X(2.328 — 6+ 2.30e - 12))]

ii. Subsurface Soil
_ RBTLa

sesp

RBTLs

TRx BW x AT, x 365
IR, X ET,, x ED x EF x SF

RBTLa =

RETL. = le-6x70%x70x 365 — 6.578e—4
1.5x10x25x 250 %0.029

RBTL,; = Risk-based target level for indoor inhalation of air
[mg/m’-air] = 6.578e-4

—_ [ews+ (stps)+ (H Xeas)] ERXI—B

VF sp™
= D /L, D /L,
1+ +
ERx Ly | | (D / Ly )xh

crack crack

Hx p, X[D?ILS}
X

10°
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3.33 3.33
3 acrack Wse 1 6 Uwerack
Dia= D3 x =22+ DV
crack — 20 H 2 0
or or

333 3.33
Dgfack: 9.30e—-2x 0023 +1.10e—-5x 1 X 0.1

0228 03  oole-3

Deaas’ = Effective diffusion coefficient through foundation cracks
[cm?s] =4.861e-3

0.228x1.8 y [4.86e— 3/30.48
0.1+ (0.661x1.8)+ (0.228x0.2) | 0.00023x 300
.\ [4.86e— 3/30.48} { 4.86e-3/30.48 }
0.00023x300 | | (4.86e-3/15)x0.01

VF s = Volatilization factor from subsurface soil to indoor
(enclosed space) air [(mg/m>-air)/(mg/kg-soil)] =14le2

} x10°=1.414e-2

VF sep=

6.58e-4
1.41e-2

=4.65e-2

RBTLs=

iii. Groundwater

RBTL

RBTL,,

wesp

| Dis / Lew
VF e = ik x10°
o=
14 D/ Ly o Dyt / Lgw,
( h

ERx L, D/ Lc,ack)

crack

-1
DWS (hcap+hv)x|:hcap+ hvj|

Dcap Ds
3.33 3.33
D= D%+ D X
or H or
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3.33 333
D= 9.30e—2x ngz +1.10e-5x 0 ;28 X 0'522 =1562e-5

e = Effective diffuson coefficient through capillary fringe
=1.56e-5

[cm?/s]

1
Dﬁ:(5+295)><[ 5 , 25 }=7.88e—4
156e—5 4.86e-3

o = Effective diffuson coefficient between groundwater and
=7.88e-4

soil surface [cm?/s]
0.228x 7.88e—4/300
0.00023x 300

VF wesp =
.\ {7.88e— 4/300} .| 7.88e-4/300
0.00023x300 | | (4.86e—3/15)x 0.01

x10°=4.793e-3

= Volatilization factor from groundwater to indoor
(enclosed space) air [(mg/m>-air)/(mg/L-H,0)] =4.793e-3

VFesp

RBTL, = 028874 ) 37061
4.793¢-3

RBTL. = Risk-based target level for indoor inhaation of
vapors from groundwater [mg/L-H,0] =137e1

iv.  Soil to Groundwater
Target surfacewater concentratior] mg/L] at the POE x DA P
LF sw

Allowable soil concentration at the source]mg/kg]

Ps
LF av=
- u gWX5ng

wstK X 0 HH X)X 1+
[6ustK X 0 9]( | xW

= 30ax200 020
[0.1+0.661x1.8+0.228 x0.2]x[1+}
14x1500

LFswv=
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LFs =  Dry soil leaching factor [(mg/L-H20)/(mg/kg-soil] =0.346

1

Allowable soil concentration at the source[mg/kg] = 0.005 x 0346 =1.44%e-2
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b. Non-Carcinogen
i. Surficial Sail
THXBWXAT %365
EFX ED 10_6x(| F%oil X RAF0+SA‘X M ><RAFd)_l_(ETout x IRaox(VF$+VF p))
RfD, RfD

(o] I

RBTL=

RBTL. = 1x70x25365 e
250x 25){10_6"(50" 1+5000<0.15<0.5)  (10x1x(2.32e— 6+2.30e - 12))}

0.003 0.0017

RBTLss = Risk-based target level in surficid soil [mg/kg] =6.58e2

iil. Subsurface

RBTL,= ol

F oesp

THQ x BW x AT, x 365X RfD,
IR, xET,, x ED x EF

RBTLa =

1x70x 25%365x%x0.0017
ai= =1.158e-2
RBTL 1.5x10x 25 x 250

RBTLi

Risk-based target level inindoor air [mg/m?] = 1.16e-2

1.16e-2
1.41e-2

RBTLs= =8.215e-1

RBTLg

Risk-based target level for indoor inhalation of vapors
from subsurface soils [mg/kg-soil] =82lel
iii.  Groundwater

RBTL,, = "o'bs
Vv

wesp

RBTL, =11872 _5 45
4.79%-3
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RBTLyj = Risk-based target level for indoor inhaation of vapors
from groundwater [mg/L-H,O] =242
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TIER 2 EXAMPLE PROBLEMS

Scenario:
Compl ete routes of exposure include:
1. Indoor inhaation from soil
2. Indoor inhalation from groundwater

An aerial depiction of the contaminated area in question is shown below.

The impacted are is 20ft by 12 ft, and depth to groundwater is 15ft. Depth to impacted
soil is 7ft.

Following a Tier 1 evaluation, site investigation indicated the following Tier 2
parameters:

e'r =0.25
Bws =0.20
B, =0.05
Lew = 20ft = 609.6cm
Ls = 10ft = 304.8cm
h=0.001

Also assume the following:
*  OBuerack = Bws, Bacrack = Oas, eW(:ap =0.9x 6y, Brs=61, ea(:ap = Ors- ewcap

» If wind direction is not constant and known over the contaminated site, the length
of soil source area parallel to wind direction (W,) may be taken as:

W, = +/total areaof soil source =/ AxB = 9.165ft

» Similarly, the length of groundwater source area parallel to the wind direction
(Wga) may be taken as:

W,, = /total areaof groundwater source = VWY =17.32ft

All other parameters used in the following Tier 2 evaluation are the same as those used
previously inthe Tier 1 evaluation.
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Contaminant: Benzene
Receptor: Commercial Worker

1. Indoor inhalation from soil
a. Carcinogen

RBTLai

sesp

RBTLs=

TRx BW x AT, x 365
IR; x ET,, x ED x EF x S,

RBTLa =

RETL. = le-6x70x70x 365 —6.578e—4
1.5x10x 25x% 250 % 0.029

RBTL; = Risk-basedtarget level for indoor inhalation of air
[mg/m>-air] =6.578e-4

Hx p, X{D?/LS}
3

[0,5+ (K o)+ (Hxg,)] | ERxL,
VF == DI /L D /L *10
1+ —=—— |+ s
ERx Ly | | (D /Lcrack)Xh

crack

.33 3.33
D3 = p° x 0= 4 pvx L x O
o0 O H @0

3.33 3.33
Di[fack=9.30e—2x005 +1.10e—-5x LXOZ -
0.25% 0.228 0.25

D& = Effective diffusion coefficient in soil based on vapor-phase
concentration [cm?/s] =7.28e5

=7.284e-5

3.33 3.33
6 acrack Wse 1 6 Uwerack
Dia= D3 x =22+ DV
crack — 20 H 2 0
or or

3.33 3.33
Dgfack: 9.30e—-2x 000255 +1.10e—-5x 1 X 0.2

=7.284e-5
0.228 0.25°

Deaas’ = Effective diffusion coefficient through foundation cracks
[cm?/s] = 7.28e-5
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0.228x1.8 x{7.28e—5/304.8
Ve = 02+ (0.661x1.8)+ (0.228x0.05) | 0.00023x 300
= 1J{7.28e—5/304.8} J{ 7.28¢-5/304.8 }
0.00023x300 | | (7.28e-5/15)x0.001
VFesp = Volatilization factor from subsurface soil to indoor

(enclosed space) air [(mg/mair)/(mg/kg-soil)]

6.58¢- 4
=22 3559
RBTLs= 2 019e-5

b. Non-carcinogen

RBTL,= ol

F e

THQ x BW x AT, x 365X RfD,
IR, xET,, x EDx EF

RBTLa =

RETL. = 1x70x25%365%0.0017 _ 115862

1.5x10x 25 x 250

RBTLy = Risk-based targetlevel inindoor air [mg/m’| = 1.16e-2

1.16e-2
2.02e-5

=5.74e2

RBTLs =

RBTLs = Risk-based target level for indoor inhalation of vapors
from subsurface soils [mg/kg-soil]

DCRBCA Final -26-

} x10°=2.019e-5

=2.019-5

=5.74e2
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2. Indoor inhalation from groundwater
a. Carcinogen

RBTL,, = "o'bs
Vv

wesp

H x M
ERxL,

VF wesp= - - x10°
l+{DWS/LGWH( D% / Lo h}
X

ERx L, D& / L)

crack

-1
h v
D= (heap+ hV)X{DC;" + Dheﬁ}

cap

3.33 3.33
S
or H o

3.33 3.33
0025 . oo sy 1 , 0225

o = 9.30e—2x
Deap 252 0.228 0.25°

=1.226e-5

Deap = Effective diffusion coefficient through capillary fringe
[cm?s] =1.23e5

5 + 295
1.23e-5 7.28e-5

-1
Dac= (5+ 295){ } =6.728¢e-5

D = Effective diffusion coefficient between groundwater and
soil surface [cm?/s] =6.73e5

0.228 % {6.73e- 5/ 609.6}

0.00023x 300
14| 6732-5/6096] [  6.73e-5/609.6
0.00023x300 | | (7.28e-5/15)x0.001

x10°=1.536e-5

VF wesp =

VF e = Volatilization factor from groundwater to indoor
(enclosed space) air [(mg/m’-air)/(mg/L-H,0)] =154e-5
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RBTL,, = 22974 _ 4 o83
154e-5

RBTL = Risk-based target level for indoor inhalation of
vapors from groundwater [mg/L-H,O] =4.28¢el

b. Non-Carcinogen

RBTL,, = RBTL,
Y,

wesp

RBTL,, = 1.16& = 753262

54e-5
RBTL = Risk-based target level for indoor inhalation of vapors
from groundwater [mg/L-H,O] =7.53e2
Thusthe SSTLsfor benzene are:

Sail: 32.59 mg/kg
Groundwater:  42.8 mg/L
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